Background {#Sec1}
==========

Hypertension is the leading risk factor for cardio-cerebrovascular disease and premature death in China \[[@CR1]\]. Recent national surveys have reported that \> 30% of the general adult population in the United States, Korea, and China has prehypertension, among which 90% have at least one risk factor for cardiovascular diseases, including coronary heart disease, congestive heart failure, ischemic and hemorrhagic stroke, renal failure, and peripheral arterial disease, above the optimal levels. Due to population aging, the incidence of hypertension is projected to increase by approximately 60% by 2025 \[[@CR2]--[@CR6]\]. The Prospective Urban Rural Epidemiology (PURE)--China subcohort study reported that the prevalence of hypertension was 41.9% among 45,108 study participants aged 35--70 years. The levels of awareness, treatment, and control were 41.6%, 34.4%, and 8.2%, respectively, among patients with hypertension \[[@CR7]\].

Conventional antihypertensive agents are usually associated with many adverse effects. Chinese patent medicines, which are important components of traditional Chinese medicine (TCM), have been increasingly accepted by patients with hypertension. Songling Xuemaikang capsules (SXC) are a formulation for oral intake produced by Chengdu Kanghong Pharmaceutical Co. Ltd., with official approval from the China Food and Drug Administration (ratification document number: Sinopharm Z10960023). It comprises fresh pine needles, *Pueraria lobata*, and pearl powder. Studies have shown that puerarin, the main active ingredient of *P. lobata*, can reduce renin-angiotensin levels, dilate coronary and cerebral arteries, improve microcirculation, reduce vascular remodeling and ventricular hypertrophy, and exhibit anti-platelet aggregation, resulting in the promotion of endothelial cell function and the regulation of vasoactive factors \[[@CR8]--[@CR11]\]. Active calcium and various active amino acids are the active ingredients in pearl powder, which show favorable effects on the immune system, anti-oxidant effects against free radicals, and central nerve inhibition. Pine needle extract exerts anti-oxidant effects, protects the vascular endothelium, and improves blood viscosity \[[@CR12], [@CR13]\]. There is an urgent need for well-designed long-term studies to address the benefits of SXC for treating primary hypertension \[[@CR14]\]. Several small-sample randomized controlled trials have shown that SXC combined with western medicine exerts superior effects over western medicine treatment alone \[[@CR15], [@CR16]\]; however, there is still a lack of high-quality evidence from large, blinded, randomized, placebo-controlled clinical trials. Therefore, this study is designed to evaluate the efficacy of SXC in the treatment of patients with low-to-medium risk hypertension in a multicenter, double-blind, randomized, placebo-controlled, parallel-group, superiority trial, which will provide practical evidence for the prevention and treatment of hypertension.

Methods/design {#Sec2}
==============

Study objectives {#Sec3}
----------------

This study aims to determine the efficacy of SXC in patients with low-to-medium risk hypertension.

Study design {#Sec4}
------------

This multicenter, double-blind, randomized, placebo-controlled parallel-group, superiority trial is registered in the Chinese Clinical Trials Registry (ChiCTR-IPR-17011383). It complies with the principles of the Declaration of Helsinki and Good Clinical Practice guidelines. Written informed consent will be obtained from all patients before their participation in this study; the recruited patients will be randomized to either the SXC group or the placebo group. We will rigorously follow the Consolidated Standards of Reporting Trials (CONSORT) recommendations when reporting the results \[[@CR17]\].

The trial will be conducted in seven centers in China. A total of 570 participants will be recruited. After we acquire their consent, the participants will be enrolled in the trial, which consists of a two-week run-in period and an eight-week treatment period.

A completed SPIRIT checklist is available as a supplement (Additional file [1](#MOESM1){ref-type="media"}). An outline of the study procedures is illustrated in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1Study flowchart. SBP systolic blood pressure, DBP diastolic pressure, TCM traditional Chinese medicine, SF36 36-item Short Form Health Survey score

Participants {#Sec5}
------------

Inpatients and outpatients in the participating centers will be screened for the selection criteria.

Inclusion criteria {#Sec6}
------------------

Primary hypertension diagnosed according to established guidelines \[[@CR18]\]: all participants must have low-to-medium risk, grade 1 hypertension.Patients must not have taken any antihypertensive drugs at all or have taken such drugs irregularly.Patients must be aged 20--75 years.Patients will be informed about the trial and should voluntarily sign the consent form.

Exclusion criteria {#Sec7}
------------------

Serious liver disease or alanine transaminase/aspartate transaminase values higher than the upper reference limit value.Severe mental illness, serious hematopoietic disease malignancy, or a life expectancy of \< 3 years.Pregnant or lactating women.Participation in other clinical trials within the past three months.Probable or definite allergies to the ingredients of the test drug.Multiple drug allergies.

Recruitment {#Sec8}
-----------

Patients with low-to-medium risk hypertension in each center will be screened. Each potentially eligible patient will be assessed by an attending physician to determine whether the patient should be recruited. The aim and procedures of the study and the possible side effects of the study capsules will be explained in detail to the patients. All patients will be asked to sign a written informed consent form before randomization. Neither financial nor non-financial incentives will be provided to the attending physicians or patients for enrolment.

Randomization and treatment assignment {#Sec9}
--------------------------------------

Patients are randomized in a 1:1 ratio through a centrally controlled, computer-generated, site-stratified, block randomization schedule. The study capsules are labeled with serial numbers; each patient will be assigned the lowest number available at each participating center. All patients, care providers, attending physicians, laboratory staff, and biostatisticians are blinded to treatment assignment as long as the database is locked. Randomization started on May 2017. The enrolment of 570 patients is expected to be completed in August 2019.

Interventions {#Sec10}
-------------

Eligible patients will be allocated to receive placebo for two weeks in addition to therapeutic lifestyle, including reducing sodium intake, weight control, quitting smoking, limiting alcohol intake, and physical training, according to the guidelines \[[@CR18]\]. After the two-week run-in period, patients diagnosed with hypertension will be randomized into control or treatment groups and will be allocated to receive placebo or SXC for eight successive weeks in addition to therapeutic lifestyle changes, respectively. SXC and placebo capsules were produced and packed in a single batch by Kanghong Pharmaceutical Co. Ltd., Chengdu, China, which declares no conflict of interest relevant to this study. The drug quality is consistent with the Chinese Medicine Standard of the State Food and Drug Administration (SFDA). The placebo capsules have identical appearance and smell as those of the treatment capsules. Patients will be instructed to take a capsule orally three times daily for eight successive weeks. Any other Chinese herbal decoction or Chinese patent medicine for treating hypertension is prohibited during the trial.

Outcomes and measures {#Sec11}
---------------------

The primary outcome is 24-h ambulatory blood pressure (average systolic and diastolic blood pressure). The secondary outcomes include daytime average blood pressure, nocturnal average blood pressure, fluctuation of blood pressure (24-h ambulatory blood pressure), fluctuation degree of systolic and diastolic blood pressure, control rate of hypertension (control rate of hypertension = hypertension control number/hypertension number × 100%), TCM syndrome scores, and the 36-item Short Form Health Survey score. The other outcomes include levels of vasoactive substances (nitric oxide, endothelin endothelin/nitric oxide, angiotensin converting enzyme, and homocysteine), four hormones related to hypertension (renin, angiotensin II, aldosterone, and cortisol), inflammatory mediators, and blood lipids. Safety outcomes, which include complete blood count, routine urine test, liver and renal function tests, and electrocardiograms, will also be monitored periodically. All adverse events (AEs) will be followed from randomization to the end of the trial. Items to be measured and the time window of data collection are shown in Fig. [2](#Fig2){ref-type="fig"}.Fig. 2SPIRIT figure: Measurement items and points of data capture. Lipid panels represent high-density lipoprotein, low-density lipoprotein, cholesterol, and triglycerides; X represents the indicators tested in the specific time period. ABP ambulatory blood pressure, TCM traditional Chinese medicine, SF36 36-item Short Form Health Survey score, MACE major adverse cardiovascular event

Adverse events {#Sec12}
--------------

AEs are defined as negative or unintended clinical manifestations following treatment. Patients will be asked to report to the investigators any abnormal reactions occurring at any time during the trial. In addition, investigators will collect information about abnormal reactions monthly. All details of related and unexpected AEs, such as time of occurrence, degree of AE, and suspected causes, will be recorded on case report forms (CRFs). Moreover, there is a data safety monitoring board to oversee the trial.

Study-specific visits and procedures {#Sec13}
------------------------------------

The schedule for all study procedures for all evaluations is shown in Fig. [2](#Fig2){ref-type="fig"}. For each procedure, individuals are to be assessed by the same investigator or site personnel whenever possible. The timing of each visit is relative to randomization (day 0). Baseline measures (visit 1 and visit 2) include medical history (demographic characteristics, medical and treatment history, complicating disease, signs and symptoms, concomitant medications), clinical blood pressure, 24-h ambulatory blood pressure, vasoactive factors, four hormones related to hypertension, inflammatory mediators, TCM syndrome score, and SF-36 score. All baseline measurements will be repeated at visit 4 for all participants. AEs and outcome measurements will be recorded from visit 3 to visit 4.

Randomization and blinding {#Sec14}
--------------------------

Participants are randomized in a 1:1 ratio using a computer-generated, site-stratified, block randomization schedule. The study capsules will be labeled with sequential randomization numbers and each patient will be assigned the lowest number available at each participating center. All patients, care providers, and attending physicians will be blinded to treatment assignment until the study is completed. Duplicated blinding codes will be given to the main research institution and the manufacturer; the blinding codes cannot be revealed during the trial.

Data entry and quality control of data {#Sec15}
--------------------------------------

CRFs are being used for data entry and data from all participating centers will be imported into the clinical data management system (<http://www.xyedc.com/>). To maintain the quality of data, we will adopt valid measures to ensure information accuracy, integrity, and authenticity. First, computer logic checks will be run to identify items such as inconsistent data, missing data, and questionable values. After that, the supervisor will perform source data verification to check the consistency of the original data. Queries may be issued by the supervisor, which will be answered by the site investigators. Second, manual checks will identify more complicated and less common errors. Third, the supervisor will conduct site visits to compare the electronic database with the source documents. Identified errors will be resolved to ensure data quality. Fourth, the Data Coordination Center will be in charge of data validation.

Sample size calculation {#Sec16}
-----------------------

The sample size was calculated based on the expected reduction in hypertension. A meta-analysis has showed that SXC combined with antihypertensive drugs is more effective in lowering both the systolic blood pressure (SBP) (MD: -6.17 \[− 7.86, − 4.49\]; *P* \< 0.01) and diastolic blood pressure (DBP) (MD: -7.24 \[− 8.62, − 5.85\]; P \< 0.01) compared with that by antihypertensive drugs alone \[[@CR14]\]. Furthermore, a small sample clinical trial has shown that SXC is effective in lowering the 24-h SBP by approximately 14 mmHg (mean SBP of 136.3--122.3 mmHg) after a four-week treatment period; however, the quality of the trial was relatively low \[[@CR19]\]. According to these reports \[[@CR14], [@CR15], [@CR19]\], it is assumed that the 24-h average SBP can be decreased by approximately 12 mmHg in the SXC test group and 5 mmHg in the placebo group. Assuming that the bound of value = 5 and standard deviation (SD) = 7 for the test and placebo groups, combined variance σ^2^ = 49, type I error rate (α) = 0.05, and a power of 90% (type II error rate (β) = 0.1), the sample size for one arm needed to be 258, resulting in *n* = 2 × 258 = 516 (bilateral test level α = 0.05, test efficacy β = 90%). Considering a dropout rate of 10%, a total of 570 patients needed to be allocated to attain the required number of patients for the efficacy analysis.$$\documentclass[12pt]{minimal}
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Statistical analysis {#Sec17}
--------------------

The data from all participating centers will be combined for statistical analysis of primary and secondary endpoints, as well as AEs.

The analysis will be performed at the Clinical Pharmacology Research Institute, Xiyuan Hospital, China Academy of Chinese Medical Sciences. Continuous variables will be presented as the mean ± SD. The comparability of characteristics between the two study groups will be assessed using a two-sample Student's *t-*test for continuous variables and the χ^2^ test or Wilcoxon test, when appropriate, for categorical variables. The Wilcoxon paired signed-rank test will be used for within-group comparisons.

For all analyses, *P* \< 0.05 will be considered statistically significant, and all tests will be two-tailed. All analyses will be conducted using SAS software version 9.2 (SAS Institute, Cary, NC, USA).

Discussion {#Sec18}
==========

In this trial, we will assess the efficacy and safety of SXC in treating patients with low-to-medium risk hypertension. The present study is designed as a multicenter, double-blind, randomized, placebo-controlled, parallel-group superiority trial that will provide high-powered evidence regarding the efficacy and safety of SXC in treating patients with low-to-medium risk hypertension.

A previous study showed that pine needle extract has pharmacological properties that modulate hippocampal excitotoxicity-derived memory impairment under severe stress conditions \[[@CR20]\]. In salt-sensitive hypertension, puerarin improves vascular insulin action with beneficial cardiovascular effects \[[@CR21]\]. In addition, through the regulation of the apelin/APJ system, puerarin exerts protective effects on the development of left ventricular hypertrophy by renal hypertension \[[@CR22]\]. The large- and small-molecule fractions of high temperature-extracted pearl extract exert a conspicuous sedative effect. The high-temperature-derived extract has been found to improve the vitality and anti-hypoxia abilities of mice. Low-temperature-extracted pearl powder increases the level of superoxide dismutase and decreases the level of malondialdehyde in the blood serum \[[@CR23]\]. Previous studies have shown that SXC has a potential blood pressure-lowering effect, leading to the improvement of plasma levels of endothelin and nitric oxide, thereby regulating the renin-angiotensin system \[[@CR24], [@CR25]\]. These findings and observations provide an impetus for large-sample controlled trials to investigate the efficacy of SXC in the treatment of patients with low-to-medium risk hypertension.

For patients with low-to-medium risk hypertension, the current domestic and foreign guidelines generally recommend lifestyle improvement and monitoring of blood pressure and other risk factors 1--3 months before deciding whether to carry out drug treatment. Therefore, 10 weeks of follow-up monitoring and placebo therapy will not cause irreversible damage to the individuals \[[@CR19]\].

There are certain limitations to this study. First, because the study is being performed in Beijing, China, it is uncertain whether the relative effects of the trial drugs would be similar in other ethnic groups. Second, the follow-up period is relatively short.

Nevertheless, this trial aims to evaluate the efficacy and safety of SXC for the treatment of patients with low-to-medium risk hypertension.

Trial status {#Sec19}
============

The trial was initiated in July 2017 and is currently open for enrolment; thus far, 120 patients have completed the 10-week follow-up. However, no analysis has been conducted since the commencement of the trial. No serious AEs have occurred to date.

Additional file
===============

 {#Sec20}

Additional file 1:SPIRIT Checklist. (DOC 124 kb)

ABP

:   Ambulatory blood pressure

AE

:   Adverse event

DBP

:   Diastolic blood pressure

SBP

:   Systolic blood pressure

SF-36

:   36-item Short Form Health Survey

SXC

:   Songling Xuemaikang capsule

TCM

:   Traditional Chinese medicine
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